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SUMMARY

The problemtreatedin thispaperis thatof the
stressesin a torsionbox with a largerectangularcut.-
Out. The theoreticaltreatmentis confinedto stresses
termedthe “primarystresses.’tComparisonof the thee-
reticalresultswith strain-gagedata for a seriesof
cut=outs,indicatest-hatthe pri~arystressesare probably
adequatefor.designingthemajor-partof the structure,
the only importantexceptionbeing in the designof’the
coversheetIn the full sectionadjacentto the cut-out-.

INTRODUCTION

Th= importanceof cut-outproblemsin aircraftshell
analysisis well known. Many of theseproblemscan be
treatedwith sufficientaccuracyas stressproblemsin a
planeand are then amenableto relatively-simpletreatment.
A cut-outin“a.torsfonbox, however,can be dealtwith in
thismanneronly if the cut-outis sr,all.A solution”that
remainsvalidfor largecut-outsrequiresconsiderations
of the actionof the entires“pacestructure,and a complete
analyticalsolutionwouldbe very cumbersorle.A practical
expedientfor,alleviatingthis difficultyis to effectthe
solutionin stepscomparableto thosetakenin the analys-is
of stiff-jointedtrusses. In trussanalysis,thefirst
step consistsin findingthe so-calied‘Iprimarystres..ses’t
by simplemethods. In the secondtid wore difficultstep,
the so-calledllsecondarystresses”are found. These
stresses.are,theoreticallyquitelarge,“so~etimeslarger
thanthe primarystresses,but designs@avingsatisfactory
staticstiengthscan oftenbe producedwith very libtle
labor8xpendedon the determinationof the secondary”
stressesby usingap~roximatemethodsapd by takingadvan-”
tageof the fact thaty~elding.tendsto eliminatestress..
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concentrations. Even when this fartunatesituationdoes
not exist>the separatecalculationof the primarystresses
offerssuchim-oortantadv”antage”iin clarifyingthe calcu-
lationsthatit is standardprocedurefor trusses.

For similarreasons,the presentpapergiveswhat--
mightbe calleda primh”ry-stressanalysisfor the torsion
box with a cut-~utof any.size. A studyof’the strain-
Gage datapresentedindicatesthatthe stressesobtained
from the primary-stressanalysisare probablyadequate
for designingthemajor part of the structureaffected
by the cut-out,the only imgortanbexceptionbeingthe
coversheet-inthe fullbox sectianadjacentto the cut-
out. ..

SYMBOLS
*

SymbolA,includin~subscripts,relatlngto t-he
geometryof the structureare shownin fia~res1 and 2.
Conventionsfor coordinatesare shownin figure3.
a

b.

c

d

h.

k

t“

A

lengthof closedbox, inches

widthof box (shearweb to shearweb),inches

depthof box (coversheetto cover sheet),inches

half-lengthof’cut-out,inches

widthof net section(oneside),inches -.

fractionof totaltorque-carriedby sheari%’ebs
in cut-outbay ‘-

.

shearflow (runningshear),poundsper inch

“basic’!shearflow,poundsper Inch “(T/.2bC)

thicknessof wall,inches

distancefrOmneutbalaxis ofnet sectionto
coamingstringer,incheg

cross-sectionalareaof membercarryingdirect-
stress,squareinches
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Ao. enclosedareaof tor,siQnbo~~ (be), squareinches

c, c1 coefficientsdefinedin text . -.

3

G

x“

M

N.A.

Q .:

s
T“

v
w
CJ

T

Youngfsmodulus,kips per squareinch

shearr.adulus,kips per squareinch

momentof inertiaof bean,inches4 -

bendingmomentin besm,.inch-kips

neutralaxis

staticrlomentaboutneutralaxisof the portion
of b~am cross-sectionlyingbetweene~treme
fiberand fiberun”derconsideration,inchess-*

surfaceareaof one wall @ one bay, squareinches..

torque,inckl-ki~s -. .—t. .
transverseshearforcein“Deam,kips

intezmalw~rk stored,.kip-inches

directstress,ksi

The quantitiesM,. I, 4, and V apply’tothe net
sectionof the coverconsideredas a beam bendingin its
own plane.

$tationnumbersindicatethe distancein inchesfrom
the transversecenterlineof thebox. .---

.—.
MLTEODOF THEORETICALlQJAL’@IS
. ..

..
The problem’consideredis thatof a torsionbox of -

rect&ngular-cross-sectionwith a centrally“locatedret- ““’ ‘-
tangtilarcut-o:~tin one cover(fig.l)? Torque-transfer
bulkheadsat.the endsof the cut-autseparatethebox
into‘twoclosed.bays and one openor cut-outbay. The
structureis at firstassumedto be symmetricalabouta
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transverseplaneas well as abouta longitudinalplane.
Proceduresfor takin~intoeccountsomedissymmetries
willbe indicated.

Theoryof SymmetricalStrucbure

In orderto facilitatethe calculationof “theprimary
stressesin the structure,all directstressesare assumed
to be carriedby concentrated!~ainflangemembersas indi-
catedin figure2. The contributionsof suchstrin~ers
as may be presentand of the sheetto the directstresses
are takenintoaccountby makingsuitableadditionsto. .
the areasof’the actualmain flanges. Th?.smethodof
simplifyingthebox structure&s been usedext=msl.vely
by many authorsfor similarproblemsand is analogousto
the procedureofadding one-sixthof theweb area to each
flangeareafor the analysisof a plate-girder. .

It may be notedin figure2 thatth6 ‘lcosming”
stringers(stringersboundingthe cut-out)of the sim-
plifiedstructuredo not extendbeyondthe cut-out,
althoughgood designpracticewouldrequirethem to extend
beyondthe cut-outin an actualstrllcture.This simpli-
ficationwas basedon the observationthat in actual
structuresthe stressesin theseextensionsdecrease
rapidlywith increasingdigtancefrom the cut-=outand
consequentlyfurnishonly a smallcontribute-onto the
strainenergyof the torsionbox. It is necessary,of
course,to assumethat the cap stripsof the torque-
transferbulkheadshave sufticlentstiffnessagalns&-
bendingin theplane of the coverb functfonas abutments
for the coamingstringers;infinitestiffnessw~ll be
assumedin the followingtheoretical.development.

In a rectangulartorsionbox of constantsection
withouta cut-out,the divisionof the appliedtorque T
betweenthe two pairsof wallsis staticallydeterminate:
t-hepairof coversheetscarriesone-halfof’the torque,
the pairof shearwebs the otherhalf. In a torsionbox
with a cut-out,the divisionof the torqueis statically
indeterminate. Tf kT denotesthatpart of the torque
thatis carriedby the shearwebs in the cut-outbay, the
part carriedby theuncut cover and the net sectionof
the cut coverin the samebay is then (1-k)T. Figure3(a)
showsthe shearflows in the cut-out-bay oxp=sed in
termsof k and the ‘lbasic~tshearflow
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.

Tqo.. —
23C

(1) ._

that would existif therewere no cut-otit.
flowsthus defined,

With the shear
theforcesor stressesin the coamin~

membersand in the cornerfl~n”gescan be foundby applylng
the equilibriumequation ~x=O to tti”g-errembers.
Finally,the shearflowsin the closedbox can be estab-
lishedfrom the conditionthatthe internaltorquemust
equalthe applied.torqueand from the equilibriumcandi-
tion XX = O appliedto the cornerflanGe. All the
shearflowsand directstressesare thusfound in terms
of the appliedtorqueand the fraction ]< as shownIn
figure3.

The fraction k i
calculatedby applying

s staticallyindeterminateand iS
the Princlpieof LeastWork— —. -— .

The internalwork W is

‘;2~,.
J J

~2
?i= — “(iv+2G — dv2E

(2)

(3)

where dV is the elementalvolumeof materialstressed
and the integrationextendsover the entirestructure.
The expression(2) can tkereforebe writtenin the form

g=/;l&+~’.v=o
whichmay be transformedinto

(5) .—

where s Is the surfaceareaof’a givenwall i.na given
bay, no integrationsbeingrequiredfor the shearstresses,
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whichare constantin each.wall of a Sivenbay. By
insertip-gin expression(~)valuesfor q and a from
figures~(a) and 3(b) and separatingterms,it–isre&dlly
foundtht

where

4.Cc1 =—t~l

c!+hdC4 = ‘—at~z

@JLsL>. atc2

10
2 (-J!

k l—=-
10 (6)

. . .

.Ciq. = C2L

..

G b+zc7+—_
3~@2

G da () b~
C8=— —2+;

3EA2

(-j!
7 “= C7

C18 ‘c/3L
b+-2h

.
.“

?
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= 16Gd2~9 ——
3E A3

. .

32G ad 1cl(-J=— —
3E AL .%0 = ZClo

~Vhenthe net sectionis ver,ynarrow,a more convenient
~rocedureis to add C7 to CR as well as C17 to c!~
and to splitthe resul!ingter~sintotwo new t&rmst@t -
can be written.aS

c7a=
Gb .2&’

3EI

@d2 (b + h)
3EA2 h

cf7a= (j7a - .

W’nere I is the momentof inertiaof the net section
(oneside)whichis considereda beam thatresistsbending
in the planeof the coversheet. Under theseconditions,
shouldbe consideredt’heIleffectivell‘Nidt’hof net section
resistingthe transverseshearforceand hth the effec-
tive shearareaofthe net section: “Inall cases,the
spar capmust be considereda part of the net sectionand,
consequently,h cannotbecomezero,althoughit may
becomevery sr,allcomparedwith b. To define h and th
with any degree.cjf,accuracywhen the net sectionis narrow
may be ~fficult, but tliisdifficultyis immaterialbecause
theiterms c3.and Cea containingh’and th are the,n
small.cornparedwith CTa unlessthe lengthof the cut-out
becomesvery smallat the-sametime.

—

——

h

.

In an actualstructure,the walls carrynot only
shearstressesbut also directstressesand, in most causes,
stringerscarryingdirectstressesare attachedto the
coversheets. In order to accountfor thes~””stresses,
the flangearea in the simplifiedstructureis takenas
the sum of the flangearea in the actual structureand
the ‘Ineffectivearea’1of the coversheet.and stringers.
In plate-girderdesign,the effectiveareaof the web is
taken-asl/6,0fthe actualarea. “Experimentshave shown
thata smallerfractionshouldbe used far thebox covers ~ -
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(reference1); a valueof 1/20is suggestedif the length-
widthratioof the full sectionot- the coveris more than
? and thisvalueshouldbe reducedfor smallerlength-
w-<dthratios.

.

.

Deviationsf’romSymmetry
:

Deviationsfrom symmetryin the actualstructuremay
be approximatelyaccountedfor in the usualmannerby
usingaveragevalues. Sinceall the coefficientsare
added,an inaccuracyin one coefficientcausedby averaging
will normallyhave no seriousconsequenceson the final
result-.‘Theproperprocedure~or takingaccountof
dissynmetries.in sheet-thicknessest and areas A would
be to dividethe aonropriatecoefficientC intcrtwo
parts;for instance,if the tip and bottumcoversheet
in the closedbox are not equal,the coefficient

wouldbe replacedby

,. .22jd 2bdC4 = +
%2top atb2bottom

If the structureis not symmetricalaboutthe trans-
verseplanethroughthemiddleof the cut-out,the direct
stresseswill not be zero at thisplane;thatis, the
poi”ntof inflectionof the beamsis not at-themiddleof
thecut-out”.In sucha case,an arbitrarytransverse
planeis assumedto separatethe structure”.into,twoparts,
and a valueof k is conqmtedfor eachpart. The”plane
of separationis thenshifteduntilthe valuesof k for
the two partsof’the structurebecomeequal. ,

. . .

TEST SPECIM~ENAND PROCEDURE

The te8t-–specimenwas ther“ectangula.torsionbox
shownin figure4.,loadedby couple~titthe two-endsso
thattherewas no restraintagainst~anpinGof’the cross
secti,on.

.

.

.

●
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The box was testedin five conditions,themain
differencesbeingin the ;~idthof the cut-outand in the “-”
bulkheads. The widthsof the cut-outsare definedby the
Widths h of the net section,whichare giventogether -.
with all otherbasicdataneededfor analysisin table1.
The end bulkheadswere attacheddirectlyto theskin in

all cases. The intermediatebulkheadswere ‘lfloatin&llcm
the Z-stringersas shownin the lowerright cornerof
figure4. The torque-transferbulkheads‘were.of construc-
tion similarto thatof the intermediatebulkheadsbut
were floatingonlyon thebottomstringers;at the top,
they-wereattacheddirectlyto the skinby meang of the
transversecoamingr,embers.For case5,theal~ipum-
alloytorque-transferbulkheadswereremovedand reglaced
by steelbulkheadsattachedto the bottomand tup skins
as shownin tb.eupper left c~rnerof fibwreJ. The two
intermediatebulkheadsin the regionof the cut-outwere
removedatterthe testof case3. For convenienceof
reference,the conditionof the bulkheadsis indicatedby
the diagramsat the top of fi~res j to ~. No special
reinforcementswere provided.alongthe lon&itudinaledges

.-

of the cut-out(theZ-stringersservingas comlin”~.. -..—, --
stringers)in order to have,hi~hdirectstressesih the

* “netsectionand thus ta obtaina sensifiivecheckon the
theory.

. The loadwas measuredby a dyneunometeccto.an.accuracy
somewhatbettertk.an1 percent. Strainsweremeasured
with ‘IticlcermanopticalstrainEagesof.~2-inchgage length
with a minimumreadingof 20 psi.”.@n2itudinaldirect
strainswere’measuredby gageslocatedeve-rthe Z-stringers.
The shearstrainswere obtainekdIrbfistra~n,gages I.o”cated
on the sheetbetweenstiffenersand orientedat 45°
and 1350to the axis of the box. A ,loa~-strainplotwas
made for eachgage,and the slopeor the straightline
throughtlietestpointswas used t~ de~ertiinethe strain.
at themaximumtorqueused. Readingswer@.rejectedif
the straightlinemissedthe originby more t~.100 psi,
or if the pointsdid not’fallon a straightlinew’ithin
a scatter.limitof less thanabout60PSi. .

Strain’rea~in&swere takenaroundthe enti,repeYim_eter
and alongthe entirelengthof tinebox. Becausethe box ‘-–—..—
was doublysymmetrical,the readingsobtainedin the four
quadrantscouldbe reducedby averagingto a singlequad-
rant with an appreciableincreasein reliabilityof the “-
finalresult. !?orc.on.vertingqcrainsto stresses,Young~s
moduluswas takenas-10,6ooksi“andthe shearmodulusas
)+,000ksi.
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ANALYSISOF RESULTS

TheoreticalCalculations

.

.

The.basic..dataused in applyii~g the proposedrn~thod
of analysisare givenin table.1; The width h of the
net sectionwas takenas the distancebetweenthe centraid
of the-.Z~stringeractingas coamingmemberand the centroid
of the steelangleformingthe corqerflange. “Theeffec-
tiveareaof this steelanglewas takenas threetimesthe
actualaTeao The presenceof all full-floatingbulkheads
was disregardedIn the ctilculationsbecauseinspectionqf
the test-dataindicatedno discontinuityin the stresses
at station4.2.75,wherethesebulkheadswere located.
(See,for instance,fig. 5.) The equivalentthickness t~
of the semtfloatingtorque-transferbulkheadswas estimated
as follows.”

The Z-stiffenersdeformw~le transmittinga shear.
forcefrom thebulkheadbu the skinas indicatedin
figure.10. By specialtests“ona Z-stiffened.panelit
was establ-ish~dthat‘thisdeformationcan be calculated
on the assurhntionthat the web of the Z-stiffenertS

.“

built-inat‘bothends and that-theeffectivewidthof the .
.

web partakingof the deformationis equalt-o0.7the depth
of thfsweb if the stiffenersstopat the bulkheadand ●

1.4.timesthisdepthif the stiffenersconttiuewell
beyondthe bulkhead. (A similartestwith hat-section
stiffeners”gavea coefficientof 0.9instead.of0.7,
probablybecausethefixationof the web ah the closed
end of the hat “ismore-nearly~erfect--than.onthe
Z-stiffener.) With thesedata,the.dlsplacement~f the
stiffenersufidera unit tan~.entialforceacting“alongthe
edgeof the.bulkhea.d~wascomputed. ‘IHs displacementwas
dividedby’thedepth c of the box to .obtwinan ‘*eqUiva- .
lent shearstrain~’.of thebulkhead,whichwas used.in
turnto”~onlputethe equivalentthickness.

. .

The calculatedvaluesof the cuef’ficientsC aqd
the fractions k are shownin tableII. Inspectionof
the tableindicate-sthatin case1, the smallequlval?nt, .
thicknessof the bulkheadmakes the coefficient--C6

—

predominant;as a result,the valtieof’“k is only slightly “ .
above0.5;thatis t-osay, the divisionof the torque
betweenthe coverwallsand the shearw~b.+d“oesnot differ
greatlyfrom the divisionttitwouldbe foundin a closed
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box. As the cut-outbecomeslarger(case.2),the
term CTa containingthe bendingstiffnessof the net
sectionagainstlateralbendingbecomesappreciable,and” ““-”

.—

in case3 thistermbecomesvery largeand the valueof “k–— “—
thusbecomesmuch larger. The physicalinterpretationof
thisresultis that the shearwebs uow carrya larger
portionof the torque. Case4 is identicalwith case3
insofaras the theoreticalcalculationis con~erned.‘“~n
case5,wherethe extraflexibilityof the bulkheads
resultingfrom theirfloatingarrangementhas been
eliminated,the lackof lateralbendingstiffnessin-the
net sectionwith the correspondingpredominanceof cTa
causes k to comevery closeto unity;”tQat 1s, the”,.,.
shearwebs carrynearlythe entiretorque.

fintable111 are shownthe calculationsof the shear.
flowsin the individualwallsand of.the stressesiy the....
coamingstringers. The calculatedshear flo’fls.may~e
c~mpare.ddirectlywith the averag,eexperiment-alshear “ ~~
flows. ,jn.t!aenet S~.CtiOn,it was not possibleto..ob~.a~fi.
experimentallythe averageshearflow over the entire
section,,”becausethe ge.ctionis toonarrowtm”accgrnodat,e””““
afi,adequatenumberof strain-gagestations. In orderto
over~amethis difficulty,valuesof’t-he“staticmoment”Q
wer”ec,alc.ulatedfor each strain-gagestationused, and
thesevalueswere avera~edat any given crosssectionto
obtainthe valueof Qav givpnin t~e table. The She-ar
flow qh was thenobtainedby rlultiplying,the”transverse
shearforce V actingon one side.of”the ne.t.secti”~n
by Qav and dividingby I. Zhe shear.flOW ah” calculated
in thibmannermay be’comparedwith the experimentalshear
flowobtainedby averagingthe resultsfrom fie strain
gages’atthe crosssectionbeing”constdere& ‘~ - ‘-~..-

The stressesin the coamingstringerswere calculated
for one crosssectionby the fo=mula--

CJ= ~– .
., I

where‘x is t:hedistanceof the cross

.. .

. .

.,.,.

‘sectionchosenfro-m”
theniiadleof the cut-out. The crosssectionchosenis
the strai,n-gagestationnearestthe end of the cut-out~
sq thata directcomparisonbetweencalculatedand experi-
mental’stressesmay be made as shownin the last column
of tableIII.

,..

.

. .

.

. . .
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ComparisonBetweenTheoreticaland Experimental

AverageShearY’1OWS

Figures~ to 9 showthe theoreticaland t-heexperi-
mentalvaluesof the averageshearflowsin the wallsof
the testspecimenfor thefive test cases. In a comparison

i
. I

I

I

I

of theoreticaland experimentalresults,the follojling
observationsconcerningthe ex.perir,entalvaluesshould
bornein mind.

The reliabilityand thereforethe relativewei~ht
experimentalpointsvarieswi.delvbecauseof the large

be

of the

va;iationin the numberof gage~tationsrepresent-ed-by
one pointon thesefigures. One pointf’.orthe coverXeet
of the closed-boxregionor f’o~the bottomcover.sheet-
represents15gage stationsat two sectjons,‘ora tmtal
of 30gage stations. One pointfor the shearweb repre-
sentsfour quadrantswith 3 gage,stationseach,or a total
of’12 gage stations. One pointfor thenet section-ofthe
top coversheet”representsfour qutidrantswith3 sttitions
each in case 1, 2 stationseachIn case2, and one station
each in cases~, ~, and 5,or totalsof 12,8,and ~ sta-
tions,respectively.For points“lyin&on the centerling,

.

the numbersgive.nfor each case”mustbe dividedby two.

The stressesin the shearwebs at--station,O and 12.5
in cases3;4,and 5 appearto b~ too high,and a static
checkof internalagainstexternaltorqueindicates
somethingamissat thesestations. The stressesare
believedto be too high as a resultof bucklingof the
shearwebs. Rigid-bodystraingageslyingacrossa buckle
indicatea fictitiouscompressivestrain,whichresults
in exaggeratedvaluesof shearstress. Approximatecalcu-
lationsindicatedthatbucklesabout1/6.4Iml/32inch
deepover a 2-inchgage lengthmight accountfor the
excessof measuredstressover calculatedstress. Buckles -
of thisdepthmightwell escapecasualvisualinspection
duringthe test= The stressindicatedrangesroughly
from0.65to 0.85of the theoreticalcriticalstress,
which is nrobablysufficientlyhigh to developbuckles
in a structuralelement-sin”celaboratorytestsmade for

.

the speci,?icpurposeof checkingthe,theoryof critical
shearstressshowedthatbucklingoccurredat stresses
below0.60of the theoreticalvalues(reference2),

._
The

possibilityalso existsthat s“om~progressiveloweringof
thebucklingstressmighthaveresultedfrom the repeated
loadingin the courseof testing.
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Finally,it shouldbe rememberedthatthe net sections
have extremeproportionsconsideredas beams. (Seefig. 11.”)
The proportionsare obviouslysuch.that close-agreement
with the ordinarybendingtheorycanhardlybe expected. ‘ ““

If all theseconsiderationsconcerningthe experi-
mentalvaluesare’keptin mind, the agreementbetween
calculatedand experimentalshearflowsmay be considered
satisfactory.The most noticeablediscrepanciesappear-
in the extremecaseswhereveryflexible(semifloating)
bulkheadsare used to closeoff a practicallyfull-width
cut-out,a combinationnot likelyto be found in practice.
In thesecases(particularlycases3 and ~) therewas
apparentlysometendencyfor the wallsof the box to-act
as a seriesof veryflexibletorque-transferbulkheads ““
and thus to producea lessabruptchangeof stressdistrt-
bucionat the end of thecut-out thanis producedby the”’
stiffbulkheadin case5. .-

In figures5 and 6 the shearflows,inthe”closedbox -
do not differgreatlyfrom the basicshearflow q. ...

obt.air.edby applyingformula(1) to the close”dbox.This ‘- ‘-
a&reementmightbe consideredto justifyuse or thisele-
mentarymethodof analysisfor all very largecut-outs
approachingthe limitingconditionof a full-7#idthcut-
out. ~amination of table2 indicates,however,thatsuch
a conclusionwouldbe erroneous,becausethe closeagree-
ment with elementarytheoryin the closedbox is a result
of the fact thatthe fraction k is closeto O.~ and this
valuein turnis a resultof the extremeflexibilityof
the torque-transferbulkheads. A re-computationof k
for thesetwo caseswith stiffbulkheadsassumedindicates
appreciabledeviations.of the shearflowsfrom”the values
givenby the elementaryformula.

Detailed.Distributionof ShearStresses

The detailsof the shear-stressdistributionare
shown in figures12 to l!jin the formof stressplots
over the developedperimeterof t’hebox. The“stresses .
for cases3 and 4 are shownin a singlefigurefor”
identicalappliedtorquesin orderta dernons”tratethat
the removalof the two bulkheadsin the cut-outregion
had onlyminor localeffects. Inspectionof thesefigures
indicatesthat in someregionsthe shearstressis fairly
uniformlydistributedover the wall,and consequentlythe
averageshearstressobtainedby themethodof analysis
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developedin thispapermay be adequatefor designpur-
poses. In otherregions,ho”;~ever,the distributionis
quitenonuniform,and the proposedprirnary-s”tresstheory
muet be supplementedby anothertheorygivingthe distri-
butionof the stressesand theirpeak values.

The followingtentativeconclusionswere drawnfrom
thesedata (figs,12 to 15)concerningthe adequacyof
theMethodfor design:

(1)For the shearweb, the calculatedaveragestregs
is probablyadequatefor design.

(2)For the bottomcover,the~alculatedaverage
stressis probablyadequatefor design,exceptthat in
the cut-outbay allowance‘mighthave to be madefor
stressesof the orderof q. near the edgesof thesheet.

(3)In the net sectionof the top cover near the
middleof the cut=-out,the shear“stressescalculated
by VQ/It are probablyadequatefor design;near the ends
of the cut-outs,the actualdistributionof the shear
appearsto be almostoppositeto the calculat-eddistri-
bution,themaximumoccurringnear the cornerof the cut-
out in the”baynext to tb.ecaamingmemberinsteadof near
the neutralaxis. In design,allowanceshouldbe made
for thisdeviationfrom the theory.

(4) IZI the woss sectionof the tmp cover,the
chordwisedistributionis verynonuniform,and the present
theoryis inadequatefor design. If the cut-putls nearly
‘full-width,the nonuniformitydisappearsat a rathershort
distancefrom the end of the cut-out;if the cut-out-is
not quiteso wide,the nonuniformitypersiststo a larger
distance,

Distributionof DirectStresses

The distributionof themeasureddirectstressesis
shownin figures16to ZO. Calculatedstressesare-shown
for the ccamingstringersIn the regionof the cut=uut
and for the cornerflange”s.The calculatedflangestresses
are discontinuousat the endsof the cut-outsbecausethe
simplifiedtheoryused assumesthat the cap strip of the
torque-transferbulkheadtransmitsthe reactionifror,the
net sectionof the cut-outbay tothe cornerflsngesof

I
. i

1

. I
,

.

,

.

.
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the closedbays. Actually,thesereactionsare diffused
to someextent;the lengthof the diffusionzonemay be
estimatedroughlyto be twicethe width h of the net
sectionan-dwithinthiszone the experimentalstressesin
the flangecouldbe expectedto agreewith the calculated
stressesonly.if themeasurementswere taken”alongthe
neutralaxisof the net”sectionfor lateralbending.

The generalagreementbetiveencalculated.and experi-
mentalstressesmay be considered~air,particularlyin
viewof the fact that the resultsof the.caIcul&tionsare
quitesensitivein somecasesto smallchangesin the
givendata. The stressin the coamingstringeris pro-
portionalto (l-k)as indicatedin figure3(b);for large
cut-outs,.thevalueof k closelyapproachesunityand,
consequently,the accuracyof the computedstringer
stressesis of a lowerorderof magnitudethanthatof
the factor k. In cases1 and 2 (figs.16and 17)itmay
alsobe notedthat the experimentalneutralsxis agrees
fairlywell with the calculatedaxis. In the remaining
casesno such comparisonmay be made; thereare only two
experimentalpointsat any section,and the pointon the
cornerflangemay not be used to establishthe transverse
distributi~nof stressbecausethe stressat thispoint
is affectedby bendingin the planeo,~the :heqrweb as
well as by bendi~ of the net sectionin the“planeof the
cover.

In figure21 are shownthe stresses.in the coamlng
stringersreducedto the sameappliedtorquefor easier
comparison.When the stressesrise to a “highpeak,they
also decreaseveryrapidlyin the regionof the closed
box. As mentionedin the section“!lethodof Theoretic”al““.
Analysis,’!thisfact furnishesthe justificationfor
omittingthe extensionsof’the coamingstringersfrom the
simplifiedor primarystructureused for the analysis.
Some.of the experimentalcurvesare terminatedjust to
eitb.ersideof the end of the cut-out;the pointsof
terminationare the lastexperimentalpoints,and e-xtra-
polationbeyondthesepointswas consideredtoounreliable
becausethe curvesare too steep. Of some interestis
the ,gre~’tdecreasein stringerstressresultingfrom
replacementof the semifloatingtorque-transferbulkhead
(case~) by a stiffbulkhead(case5).

.—
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CONCLUSIONS

From a study’of.thetestresults and the comparison
betweenexpenimerit~land calculatedstresses,thefollowing
conclusions..weredrawn concerning”the stressesexisting
in a three-bayrectangularbox with a rectangularcut-out
in themiddlebay when thebox is subjectedto pure torque
loadingin the elasticrange:

1. The theorypresentedappearsto be adequatefor
calculatingthe transverseshearforcesin all the compo-
nentwallsof the structure.When the shearforcein the
net sectionof’the cut-outcoverhas been found,the shear
stressesand the direcbstressesin thissectioncan be
computedby standardbeam theory.

2. The stressesobtainedfrom the theoryare probably
adequatefor designingall componentsof the structure
exceptingthe gross sectionof the cui~cmtcover,where
the distributionOf the shearstressesdeviatesso much
fromuniformitythatan additionaltheoryof secondary
stressesmust be developed.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

LangleyField,Vs.,February26,1946
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TABLEI
BASICDATA
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.

.

.

.

Item

a,In. 35*5 35.5 35.5 35.5. 34.0
b,In. 51.4 51.4 51.4 51.4 51.4
c,in. 10 10 10 10 10
d, In. 24.5 a.5 2’4.5 24.5 26.0
h,In. 11.12 6.62 2.12 2.12 2.12
t,In. .063 .063 .063 .063 .063
tB$in. .00194 .09194 .00194 .00194 .37$
~,In. 8.823 5.y31 1.929 1.929 1*929
d/a .691 .691 .691 .691 .765

lb
qo~~ 97.0 90.3 69.3 62.5 62.5

Al,sqtn. .200 .152 .105 .105 .105

2sA3sA4,sqin. 1.59 ~.59 1.59 1.59 1.59

~ sqin. 54 5* 54 54 54

I,in.4 36.75 10.03 1.01 1.01 1.01

QaV,fn.3. 3.253 1.443 .302 .302 .302

T,klp-in. 99.75 92.70 71.30 64.12 64.12
TO,.ksi 1.540 1.432 1:100 0.991 0.991

NATIONALADVISORY
COMMJTTEEFOR AERONAUTICS
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oerrlalent

k

Formula

TABLE11

CALCULATIONCF k

case1

635

1632

377C

225c

438

61780

511.20

1070

759

2200

79954

1632

377C

-5C5

536

3C891J

511.20

438

380

1100

113661

.5461

Case2

635

1632

6330

2250

438

6178c

19870

1663

759

2200

97557 <
1632

6330

-505

536

30890

1987C

737

38c

llCO

;0970

r6250

.

Case3

6Y5

1632

19780

2250

458

61780

19731C

4789

759

2200

291573

1632

19780

-5C5

536

3089C

19731C

23C0

300

llCO I

--l2@+23

.8692

NACATN No. 1066
.:

cam4

635

1632

19780

2250

438

61’780

19731C

789

759

2200

?91573

1632

19780

-5C5

536

30890

.$q310

23CC

380

1100

534.23—

.8692

==1’”

1635

1632

19780

2500

486

328

222210

5394

855

2240

256060
-f

1652

19780

-38k

561

164

222210

259C

4’28

1120

2t@cl

.9@9

.

.

.

.

NATICNALADVZSORY
COlC41TTSEFORAERONAUTICS
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TAB~ III

CALJ3ULATIOHOF SHEAR FLOWS AND STRiHGEEWRSWJR2

T
k (1 - k]

1.5461 0.453$

.6250 .375C

.8692 .Uct

.8692 .1308

.9689 ,031J

T

qq
It#in. ‘/20

105.9 498a

nz.g 4635

120.53565
108.73206

L21.13206

%7x.d
z I:(2k - 1) - :(2k - 1;

0.9364

.8275

.4905

.4905

.2826

qcz

lb/in. j2k- 1]case

0.691I
0.0636 1.064

1.173

1.510

1.510

1.717

%J.O

90.3

69.3

62.5

62.5

90.8

74~7
34.0

~o.~

17.7

103.2

105.9

104.6

94:3

107.3

88.1

67.7

18.1

16.4

3.89

1

2

3

4

5

0.0922

.2500

.73U

.73@4

.9378

.691 .1725

.691 .5095

.691 .5095

I

h.4

36.75

10.03

1.01

l.m.

1.01

%alc
lb/in. ) -L-9UP %lc

lb/in.) —
%xp(!b) (i%) (i;.)Oase

T
~.253. 200.4

1.443 250.0

.302 139.4

.302 125.4

.302 29.8

2264

1738

66.3

419.4

99.7

8.823

5.581

1.929

1.929

1.929

23.5 L2770

21760

2b930

18820

4475

17000 .751

21000 1.038

21@oo .W

20400 .923

23.Ij

23.5

23.5

NATIOEALADVISXtY
COKKITTEWFOR ~llAUTICS



I

Figs.la,b,2 NACATN No. 1066

(u) Undeformed stcite. (b) Deformed state..

Flqure1.- Torsion box vv’ith cut-out-.

.

1

.

.

Ftgure Z.- Exploded view of simplified box structire,



NACA TN No. 1066 Fig. 3a,b

(al Shear flows and flanqe forces.

.

(b) Direct stresses.
COMMITTEEFMAIRONAUTKS

Figure3.-Stresses in simplified box,
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Fig. 8 NACA TN NO. 1066
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NACA TN No. 1066 Fig. 9
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Figure 10.- Deformation of Z-&iffeners
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